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Abstract

Objective: As the “water tower” and ecological safeguard of Central Asia, the Tianshan Mountains are the
source of many rivers in Xinjiang. Glacial meltwater accounts for a significant proportion of Xinjiang’s
runoff, nourishing downstream agriculture and oases. Among these, the Ganhezi River, a seasonally dry river
in the eastern Tianshan Mountains, relies primarily on precipitation and snowmelt as the main sources of
runoff in its basin. However, environmental changes in recent years have impacted the spatiotemporal
distribution of regional water resources. Located in the high-altitude, cold mountainous regions of Northwest
China, the study area faces challenges in researching runoff changes due to a lack of observed meteorological
and other data. Against this backdrop, selecting suitable meteorological datasets and hydrological models to
conduct runoff simulation studies in the Ganhezi River basin can provide technical support for runoff
forecasting and natural disaster prevention in the basin.
Methods: Based on meteorological data from actual weather stations surrounding the Ganhezi River basin
and reanalysis datasets, this study analyzes the spatiotemporal patterns of hydrometeorological phenomena—
including periodicity and abrupt changes—using methods such as wavelet analysis and the Mann-Kendall
test. Using land surface data and meteorological data as input for the SWAT model, a SWAT model for
simulating runoff in the study area was constructed based on the principle of water balance. By combining
different meteorological datasets and setting climate factor gradients to drive the SWAT model, this study
investigated how runoff variations respond to changes in climate factors such as precipitation and air
temperature. The main findings of this study are as follows:
Results: (1) The Ganhezi River basin exhibits distinct patterns in the spatiotemporal distribution of
hydrometeorological conditions. Annual runoff in the basin shows no significant upward trend, but
experienced multiple abrupt changes during the study period, with four oscillation cycles observed in the
time series. Precipitation exhibits a pattern of higher amounts in the south and lower amounts in the north,
with annual precipitation primarily concentrated between April and September. Annual precipitation at the
three stations within the basin shows no significant changes, but exhibits a 5—-10-year cyclical variation
pattern, with relatively pronounced cyclical oscillation characteristics. Annual mean temperatures exhibit a
distribution pattern that gradually increases from south to north, with a long-term average ranging from 1 to
5°C. Annual mean temperatures at the three meteorological stations also show no significant changes,
exhibiting periodic variations on 13—15-year and 19-21-year timescales.

(2) By integrating surface data—including DEM elevation data and land use data—with the CMADS
meteorological dataset, a distributed hydrological model for simulating runoff in the Ganhezi River basin
was successfully developed. Parameter sensitivity analysis was conducted using SWAT-CUP, and the model’s

simulation performance was evaluated using the coefficient of determination, Nash coefficient, and relative



root mean square error. Appropriate evaluation metrics were selected to assess the model’s simulation
accuracy. The coefficients of determination (R?) for the calibration and validation periods were 0.83 and 0.79,
respectively; the Nash coefficients (NSE) were 0.77 and 0.74, respectively; and the relative standard root
mean square error (RSR) were 0.46 and 0.51, respectively. The simulation results for both the calibration and
validation periods met the evaluation criteria, indicating that the SWAT model is suitable for simulating runoff
in high-altitude cold regions.

(3) When error values are corrected using Copula functions, the simulation results of the inverse distance
weighting (IDW) interpolated meteorological dataset outperform those of the CMADS and Kriging
interpolated meteorological datasets. By using Copula functions to establish a joint density distribution
function for simulated runoff values and error values, the accuracy of runoff simulation is further improved.
Simulation accuracy driven by CMADS improved by 11%, 12.7%, and 26% for R?, NSE, and RSR,
respectively, during the training period, and by 15%, 16%, and 4% during the validation period. Simulation
accuracy driven by Kriging-interpolated meteorological data improved by 12.8% and 13% for R? and NSE,
respectively, during the training period, while RSR accuracy decreased by 8%; during the validation period,
it improved by 23%, 21%, and 5%, respectively . For simulations driven by IDW-interpolated meteorological
data, the accuracy of R?, NSE, and RSR during the calibration period increased by 16.7%, 18%, and 60%,
respectively, and by 18%, 17%, and 67% during the validation period. The study indicates that simulations
using IDW-interpolated meteorological data yielded the best results, followed by those using CMADS, while
simulations using Kriging-interpolated data performed the worst.

(4) This study examines the impact of changes in climatic factors on runoff simulation. runoff is more

sensitive to changes in precipitation than to changes in temperature. Holding other climatic factors constant,
a 10% increase in precipitation resulted in a 14.78% increase in runoff, while a 2 °C rise in temperature led
to a 2.98% decrease in runoff. Runoff is more sensitive to multi-factor climate change scenarios; when
precipitation was reduced by 10% relative to the base year and temperature increased by 2 °C, the runoff
decline rate was 15.8%, and the annual average runoff decreased by 0.16 m?*/s. When the climate gradient is
set to a 10% increase in precipitation and a 2 °C decrease in temperature, the increase in runoff is most
significant, with a growth rate of 17.9% and an increase in annual average runoff of 0.18 m3/s.
Conclusion: Annual runoff in the Ganhezi River basin shows an upward trend, with significant spatial
variations in precipitation and temperature, as well as pronounced seasonal variations throughout the year.
Distributed hydrological models are suitable for studying runoff in the Ganhezi River basin; the use of Copula
correction factors has significantly improved model accuracy, and the sensitivity of simulated runoff
variations to precipitation factors is higher than that to temperature factors.

Key words: Ganhezi River basin; SWAT model; runoff simulation; Copula function; climate change
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